Responses of barnyardgrass (Echinochloa crus-galli var. crux-galli) to water drained, saturated, or flooded soils were assessed in relation to the aerenchyma formation in crown roots. Plant height, fresh weight of shoots, the number of crown roots, and the fresh weight of roots of 4-week-old barnyardgrass increased in the following order: saturated>drained>flooded.
barnyardgrass increased in the following order: saturated>drained>flooded.
By contrast, aerenchyma was radially well developed in the cortex of crown roots when flooded, but no extensive aerenchyma formation was observed when the soil was drained. Both root porosity and the total area of aerenchyma increased in the following order: flooded>saturated>drained;
however, these values varied with the portion and/or ages of crown roots tested. In relation to the diameter of the crown roots, barnyardgrass showed different responses from those of root aerenchyma, i. e., the root diameter increased significantly when the soil was saturated but decreased as the root aged. These results suggest that the response to flooding in Barnyardgrass is related to the formation of root aerenchyma which developed in a polar direc-
Introduction
Under anaerobic conditions most floodtolerant plant species develop cortical aerenchyma in their roots5,6). This development can be attributed to the fact that when flooded, aerenchyma plays an important role in enhancing oxygen diffusion from leaves to roots3). Thus, root aerenchyma seems to be closely related to an acclimatic response of floodtolerant plant species to oxygen deficiency. However, previous studies concerning root aerenchyma have concentrated on cultivated plants. Even in barnyardgrass (Echinochloa crus-galli var. crus-galli) which is a noxious weed found worldwide in several crop productions, its wide habitat ranging from paddy to upland has rarely been investigated as regards the root anatomy. The objective of the present study was to investigate the response of Barnyardgrass to water drained, saturated, and flooded soils as it affects root aerenchyma.
Shoot and root growth were also considered in the present study. Utsunomiya clay loam soil and 5g of granular fertilizer (N-P-K, 10%-10%-10%). The seeds were grown under water drained, saturated, or flooded conditions. To achieve the drained conditions, the pots were watered twice a week so that the soil water content was kept between 33 to 39% (w/w). In saturated and flooded treatments, water levels of pots were adjusted to 100% soil water content and 3cm deep. At the first leaf stage, seedlings were thinned to five seedlings per pot. Shoot length, the fresh weight of shoots, the fresh weight of roots, and the number of crown roots were measured 4 weeks after seeding; the crown roots were then subjected to anatomical studies. All experiments were conducted in a green-house under natural daylight at 23-35C
Materials and Methods
and were replicated three times. Observation of root aerenchyma: The soil was carefully washed away from the root systems and the crown roots were divided into three groups on the basis of growth stage: matured (ca 20cm long), extending (ca 10cm long), and young roots (ca 5cm long). Thereafter, 10mm-long fresh segments were cut with a razor from apical (5 mm from apex), central, and basal parts (5 mm from the basal part of the stem) of each crown root. The segments were fixed and preserved in formalin-acetic-alcohol for 2 days at 5C. After washing the segments with tap water, they were dehydrated in a graded series of ethanol (from 50 to 100%) and were then embedded in paraffin wax. Fifteen s amthick transverse cross sections were cut and were stained with Mayor acid-haemalaum. The specimens were observed and photographed with a light microscope. At least 20 transverse cross sections per replicate were examined before representative photographs were taken.
Measurements
of root porosity: In this study root porosity (%) was defined as percentage of the total area of aerenchyma in the cortex. Five representative photographs were rendered as digitized images at a resolution of 100dpi. Thereafter, the total area of the aerenchyma and cortex were measured and then the root porosity and the root diameter were calculated. A series of image analyses were made in the manner described previously4). The data were subjected to an analysis of variance. For all treatments, means were compared using Fisher's Protected LSD test at the 0.05 probability level.
Results and Discussion
Prior to the investigation of root aerenchyma, 4-week-old barnyardgrass shoot and root growth were measured. When the plants were grown under drained, saturated, or flooded conditions, the values of plant height, the fresh weight of shoots, the number of crown roots, and the fresh weight of roots increased in the following order: saturated> drained>flooded.
This tendency was especially marked in the case of the fresh weight of roots; the values of saturated roots were more than 5 times greater than those of flooded roots (Table 1) . These results suggest that flooding is unfavorable for barnyardgrass, especially for root growth. In contrast to the growth of shoots and roots, aerenchyma fully developed at the central and basal parts of crown roots when flooded. A similar result on aerenchyma formation was reported for E. crus-galli (L.) Beauv. var. (Tables 2 and 3 ). Thus, barnyardgrass seems to develop the aerenchyma in a polar direction from the basal (Table  4 ). These findings suggest that the root diameter can be regarded as a morphological Fig. 1 factor reflecting saturated conditions (favorable for the weed) but not for flooded conditions. Thus, the response to flooding in barnyardgrass seems to be closely related to the formation of root aerenchyma rather than root diameter. However, in a related study of root morphology, Justin and Armstrong2) demonstrated that: rooting depth is also an important factor for the evaluation of acclimatic responses of plants, aerenchyma is not exclusive to hygrophytes and mesophytes, and shallow rooting is the only obvious survival strategy for hygrophytes. Therefore, to achieve a deeper understanding of the ecological characteristics of this weed, further investigation concerning root distribution in soil and inter-or intraspecific variation in root anatomy is needed.
